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Abstract : The limitations and potentialities of computerised glow curve deconvolution 
(CGCD) IS illustrated taking into consideration a set of glow curves of an orthoclasc feldspar 
(KAISi3 0 g). It has been shown that CGCD can be a useful technique to extract ineaninglul 
trapping parameters provided one follows a logical method in data liandling
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1. Introduction
Confiputerised glow curve deconvolution (CGCD) is on the verge of creating a mini 
revolution in the various fields of thcrmolumincscence (TL) research 11-3]. As on today, 
most of the CGCD works have been performed in the framework of the kinetics formalism 
which is based on three trapping parameters namely the activation energy (£.). the 
frequency factor ( s)  and the order of kinetics ( b) .  Though the order ol kinetics ( h) has no 
physical meaning for values other than = 1, 1.5 and 2. the formalism is a useful concept 
basically for two reasons. Firstly, it gives a mathematical description of the phenomenon 
and many experimental glow curves can be described with reasonable degree ol confidence 
following this model. Secondly one can estimate the lower limit of lifetime of the electron 
(T) using the relation x = 1/j  exp (E/kT) which is required for checking the suitability of a 
particular peak for dating [4]. Therefore. CGCD is potentially a powerful technique since 
amongst all methods of analysis it may be thought of as the most rigorous one. However, 
CGCD has failed to provide the much needed evidence of uniquely extracting the intrinsic
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tip p in g  parameters (E  and s) ,  justifying thennolum inescence (TL) as a spectroscopic 
technique [S].
This paper is aimed in dem onstrating that CGCD can be a useful technique in 
extracting m eaningful trapping parameters provided a logical m ethod is follow ed  in  
handling the data. A  set o f glow  curves o f  an ortboclase feldspar obtained after various 
thermal cleaning have been taken as an illustrative exanq>le to demonstrate the lim itations 
and potentialities o f CGCD.
2. Experim ental
A ll the TL curves are recorded using the com m ercial recording system  m odel TL 1404 
(Indotherm Instruments Pvt. Ltd., M um bai). The IS min X-irradiated (30  kV, CuKq 
radiation) thin sam ples (S x  5 x  0.05 mm) o f an orthoclase feldspar (Indian origin) are 
subjected to various amount o f thermal cleaning (210, 220, 2 3 0 ,2 4 0  and 2S0°C), and dieir 
glow  curves are recorded with a uniform heating rate o f 0.833**C/sec. The glow  curves are 
recorded on a two pen strip chart recorder.
3. Results and discussion
TL curves o f 15 m in X-irradiated orthoclase feldspar subjected to various extent o f  
thermal cleaning are presented in Figure 1. In all the cases, a single broad peak is observed.
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flfure 1. TL glow corves of 4 nun X-inudiated otthoclase feldspar followed 
by thermal cteamng opto (a) 210*C, (b) 220*C, (c) 230‘C. (d) 240'>C and 
(e) 2S0*C leqiectively.
The characteristic peak parameters o f the peaks are presented in Table 1. The shape 
factors (^ '2 ~^m )A^2 (w hen T * is the peak tem perature w hile T| and
T2 are temperatures at half o f the maximum intensity on the rising and falling sides 
o f the peak) are in the range o f 0 .54  to 0.S9, indicating that the peaks fo llow  general 
order kinetics.
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B ro ad  g lo w  p e a k s  a rc  no i u n co m m o n  in fe ld sp a r in the  sense  tha t fe ld sp a r d o m in an t 
m e te o rite s  a re  w ell k n w o n  to  ex h ib it such  peaks {6 ~ 8 ). T L  o f  m eteo rites  have  been  ac tiv e ly
Table 1. Peak parameters of thermally cleaaed glow peaks of orthoclase feldspar
Thermal cleaning 
temp.
C O
Peak temp
Tm
(°C)
r c )  .
3=T2 ~T] 10—T2 — TffJT2 — TI Shape
("C) (”C) factor
_________________________
210
220
230
240
250
246
262
268
280
285
34
33
33
33
29
50 0 
45 0 
42 4 
38 4 
35 0
84.0
78.0
75.4
71.4
64.0
0.59 
0.58 
0.56 
0 54 
0.55
S tud ied  an d  it h a s  e n a b le d  new  in s ig h ts  in to  lo w -g rad e  m e tam o rp h ism  and  e v itr if ic a tio n , 
sh o c k , b re c c ia tio n  an d  the p o stu la ted  M artian  o rig in  o f  ce rta in  m e teo rite s  [9 |. T h e re fo re , 
C G C D  o f  su c h  c u rv e s  hav e  im m en se  p ra c tic a l u tility . S in ce  e a c h  o f  th e  g lo w  cu rv e  
(F ig u re  1) seem s to  c o n s is t o f  a sin g le  peak  we have pe rfo rm ed  C G C D  usin g  the p ro g ram  
g iv e n  in  the  b o o k  o f  C h en  and  K irsh  (10]. H o w ev er, w hile  h an d lin g  the d a ta  in  one  case  
w c h av e  tr ied  to  fit th e  r is in g  side  (up  to  T J  and in the second  case  w e have used  th e  w h o le
Table 2. Trapping parameters obtained by CGCD with single peak
Ri.sing side curve fitting Whole curve fitting
Specification
C O
E i e V ) b .V (sec £(eV) h ,v (sec *)
r,. = 2 I 0 1.35 4.0 5.9 X lO " 1.16 2.28 6 .5 x lO**
T, = 2 2 0 1,40 4.0 5 8 x  lO " 1 23 2 59 1.5 X lO'®
T, =: 230 1 33 2 5 1 1 X lO '^ 1.27 2  50 2  6 x lO'*’
T; = 240 1 54 40 4 6 x  10'2 1 36 2.28 9 7 x  lo " ’
= 250 1.55 1 . 6 4 8 x  I0 ‘ - 1 63 2 55 2 7 x  lo '-’
g lo w  c u rv e  as o n e  p eak . T h e  re su lts  o f  C G C D  a rc  p resen ted  (in  T ab le  2). S o m e o f  the 
fitt in g s  a re  sh o w n  in  F ig u re s  2  and  3.
In  a ll th e  c a s e s ,  th e  r is in g  s id e  o f  th e  g low  p eak s  fit w ell to  th e  n u m e ric a lly  
c o m p u te d  o n es . H o w ev e r, th e  fa lling  side  show s to ta l d isag reem en t. T h is  is n o t su rp ris in g  
s in c e  su c h  f i t t in g  p re d ic ts  k in e tic s  p a ra m e te r  {b )  as la rge  as 4 , to ta lly  u n k n o w n  in the 
l i te r a tu r e  o f  T L  (T a b le  2 ). H en c e , th is  se t o f  tra p p in g  p a ra m e te rs  h a v e  no  p h y s ica l 
s ig n if ic a n c e  (th e  co n se q u e n c e  w ill be d iscu ssed  la ter). T he w ho le  cu rv e -fittin g  resu lts  show  
th a t  th e re  is  m is m a tc h  in  th e  e n tire  reg io n  o f  th e  c u rv e  (F ig u re  3). B ased  on th is  w e 
c o n c lu d e  th a t  th e  s im p le  lo o k in g  b ro ad  cu rv es c an n o t be fitted  to  s ing le  peaks. R a th e r  they  
se e m  to  c o n s is t o f  m o re  th an  o n e  e lem en ta ry  peaks.
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There is no clear-cut procedure to deconvolute the peaks and find out the 
components. After certain amount of trial and error, we have succeeded in deconvoluting
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Figure 2. Rising side curve fining of TL of 4 min. 
X’irradiated oithocla^ feldspar followed by thermal 
cleaning upto (a) 220**C and (b) 230^C respectively. 
M  Expt. curve--------- Theoretical curve.
Pitted parameters : (a) £  = 1.40 eV. h = 4.0, s = 5.8 
X lo ”  sec"* a n d (b )£ =  1.33eV .b  = 2.5.i  = 1.1 x 
10*^ sec"’ .
Figure 3. Whole curve fining of TL of 4 min. X- 
iiradiated oithoclase feldspar followed by thermal 
cleaning upto (a) 220®C and (b) 230®C respectively.
• o  Expt. curve------- Theoretical curve.
Fitted parameters : (a) E = 1.23 eV, b = 2.59, r  = 1.5 
X lO'® sec"’ and (b) £  = 1 27 eV. b = 2.50, j  = 2.6 x 
10’®sec"’ .
the peaks. Som e o f the results are shown in F igure 4. The fitting in all the cases is 
good. The values o f the tr^ p in g  parameters are presented in Table 3. All the glow peaks
Table 3. Results of CGCD with multiple peaks.
Specification
(“C)
Peak temp.
T n ,rc )
E(eV) s (scc“*) b
252 1.42 l.Ox lo " 2
r ,  = 220 285 1.59 l.Ox lO’* 2
322 2.20 6.6 x io '* 2
256 1.44 2.3 X 10*2 2
r^ « 2 3 0 285 1.59 l.Ox lO'^ 2
322 2.20 6.6 X lO'* 2
Tc*250 285 1.59 l.Ox lO'^ 2
322 2.20 6 .6 x 1 0 ’* 2
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arc  fo u n d  to  fo llo w  seco n d  o rd e r  k in e tic s . T h is  is in ag reem en t w ith  th e  an a ly s is  o f  g lo w  
cu rv e s  o f  a  n u m b e r o f  fe ld sp ars  p e rfo rm ed  in  o u r  labo ra to ry  [1 1 -1 4 ], Inc iden ta lly , th e  fact
(a)
(c )
n:MPCRATunEi*c)
%
5 (h)
Figure 4. Deconvolution of TL of 4 min. X- 
irradiated orthoclase feldspar followed by thermal 
cleaning upto (a) 220°C, (b) 2 W C  and (c) 250‘^ C 
respectively.
• •  Expt. curve----Dcconvoluied curve-------- Sum
of the deconvoluted curve
th a t g lo w  c u rv e s  o f  fe ld sp a r  fo llo w  n o n -f irs t o rd e r  k in e tic s , has been  accep ted  in T L  
lite ra tu re  [3].
4. Limitations and potentialities of CGCD
C o m in g  to  th e  rea l m o tiv a tio n  o f  the  w ork , now  w e can  co m m en t on the lim ita tio n s  and  
p o te n tia litie s  o f  C G C D . In the  p resen t study , the rising  side  (up to  T „ )  o f  all the  g low  cu rv es 
co u ld  be  fitted  w ith  the  th ree  p a ram e te r ( £ ,  s  and  ib)-kinetics fo rm alism . T ho u g h  the  va lues 
o f  £  an d  s  a rc  re a lis tic , the  b  v a lu es are  no t on ly  random  but abno rm ally  h igh  (as la rge  as 
4 ). T h u s , o n e  can  c o n c lu d e  th a t ev en  w hen  th e  fitting  is d ecep tiv e ly  p rec ise , C G C D  m ay 
n o t y ie ld  m e a n in g fu l d a ta . T h e  m isfit o f  the w ho le  g low  curve  to  num erica l ones revea ls  the 
c o m p le x ity  o f  th e  s im p le  lo o k in g  g lo w  cu rv es . H ere  lies the  p o ten tia lity  o f  C G C D  as a 
te ch n iq u e  to  d e c o d e  th e  g lo w  cu rve .
T h e  g lo w  c u rv e s  c o u ld  be  fitted  w ith  a c o m b in a tio n  o f  tw o  o r th ree  g lo w  peaks. 
H o w e v e r, ev e n  in  th is  c ase , th e  v a lu es  o f  £  and  s  fo r the 322®C p eak  is ab n o rm ally  large , 
so m e th in g  s im ila r  to  th e  ca se  o f  the  d o sim e try  p eak  o f  T LD -lO O  [2]. T hus the  p ro b lem  o f  
d ec o d in g  th e  g lo w  c u rv e s  is on ly  pa rtia lly  so lved .
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